Objective: We evaluated the effect of home fortification with multiple micronutrient powder (MNP) on anaemia and micronutrient status of young Amazonian children. Design: A pragmatic controlled trial was performed. A control group (CG) of children aged 11-14 months was recruited in the routine of primary health-care centres for assessing anaemia and micronutrient status. At the same time, an intervention group (IG) of infants aged 6-8 months was recruited in the same health centres to receive MNP daily in complementary feeding for 2 months. The IG children were assessed 4-6 months after enrolment (n 112) when they had reached the age of the CG participants (n 128) for comparisons. Setting: Primary health centres in Rio Branco city, Brazilian Amazon. Subjects: A total of 240 children aged < 2 years. Results: In the CG, the prevalence of anaemia (Hb < 110 g/l), iron deficiency (ID; plasma ferritin <12 μg/l or soluble transferrin receptor >8·3 mg/l) and vitamin A deficiency (VAD; serum retinol <0·70 μmol/l) was 20·3 %, 72·4 % and 18·6 %, respectively. Among the IG participants (aged 11-14 months), the prevalence of anaemia, ID and VAD was 15·2 %, 25·2 % and 4·7 %, respectively. The IG had a lower likelihood of ID (prevalence ratio (95 % CI): 0·34 (0·24, 0·49)) and VAD (0·25 (0·09, 0·64)). Conclusions: Home fortification of complementary feeding delivered through primary health care was effective in reducing iron and vitamin A deficiencies among young Amazonian children.
Anaemia remains an ongoing challenge worldwide, with important adverse effects on child survival and development (1) . Globally, it was estimated that 273 million children of pre-school age were anaemic in 2011 (2) and that 190 million were vitamin A-deficient in 2009 (3) . Iron deficiency (ID) is widespread and accounts for approximately one-half of anaemia cases in children worldwide (4) . Most of these affected populations are in developing countries, where anaemia often coexists with other micronutrient deficiencies (5) . Dietary inadequacies with insufficient nutrient intake and limited nutritional diversity during the first 2 years of life are major determinants of anaemia and micronutrient deficiencies in young children (6) . Anaemia may be caused by many other factors, including infections, inadequate care, essential micronutrient deficiencies (vitamin A, folic acid and vitamin B 12 ), exposure to an unhealthy environment and adverse socio-economic conditions (1) . Micronutrient deficiencies have a significant impact on individuals, including increased morbidity and impaired physical growth, cognitive development and school performance (1) . Micronutrient deficiencies also adversely affect societies, resulting in poorer health, lower educational attainment and decreased physical work capacity and productivity, with deleterious consequences on economic development and human capital (7) . Brazil has a set of control and prevention strategies for anaemia ranging from mandatory fortification of flour to Fe supplementation of at-risk groups. Fe supplementation, although considered an effective strategy, has poor adherence because of the adverse effects of ferrous sulfate (8) . Fortification of wheat and corn flour with folic acid and Fe has demonstrated low effectiveness in preventing childhood anaemia among young children (9) . Anaemia remains a public health problem in children across the country, with a prevalence as high as 40 % among children under 2 years of age in some locations, such as the Brazilian Amazon (10) . Since 2011, home fortification with multiple micronutrient powder (MNP) has been recommended as an alternative strategy for controlling anaemia and micronutrient deficiency among children 6 to 23 months of age in locations where prevalence is 20 % or higher (11) . Home fortification with MNP combined with educational intervention to promote improved feeding practices for young children is considered an effective strategy for reducing anaemia and ID among children, most notably in low-income countries (12) . For other health outcomes such as linear growth (13) and vitamin A deficiency (VAD), the use of home fortification with MNP has shown positive effects, although results remain inconclusive (13, 14) . However, some studies have found that this approach results in an unsatisfactory incidence of diarrhoea as a side-effect (14, 15) . The present study aimed to evaluate the effectiveness of home fortification of complementary feeding with MNP delivered through the primary health-care units of the National Unified Health System on Hb concentration and the prevalence of anaemia, ID, VAD and other vitamin deficiencies among young Brazilian Amazonian children.
Methods

Study area, design and participants
The present study is part of Estudo Nacional de Fortificação caseira da Alimentação Complementar (ENFAC), a multicentre pragmatic controlled clinical trial carried out in Brazil. Study design details and fieldwork procedures have been previously reported (16) . The ENFAC study was designed to assess the impact of MNP on anaemia in young children attending primary health-care clinics in four Brazilian cities (Rio Branco, Goiânia, Olinda and Porto Alegre). For the present analysis, data from Rio Branco were examined to explore the effect of MNP in a region with high social vulnerability. Rio Branco is the capital of the state of Acre, located in the western Brazilian Amazon. In 2010, Rio Branco had a total population of 336 038 people. Of these, 9 % were children younger than 4 years of age. Infant mortality in Rio Branco, estimated at 20 per 1000 live births in 2010, is higher than the Brazilian average (16·7 per 1000 live births) (17) . Primary health-care coverage under the Family Health Program is low in this state (38·7 %) (18) . The study was conducted at six primary health-care units between June 2012 and February 2013. At baseline, the mothers or guardians of children aged 11-14 months receiving routine paediatric care were invited to participate in the study as the control group (CG). At the same time, an intervention group (IG) of infants aged 6-8 months was recruited through the same health centres to receive home fortification with MNP given once daily in their usual food over a period of 60 d, as per WHO guidelines (11) . Because of ethical restrictions on collecting blood samples from 6-to 8-month-old infants, we did not collect blood samples from IG participants prior to the intervention. Therefore, the comparison between the two groups was performed when the children in the IG reached the age of the CG children at enrolment.
The eligibility criteria for participation were as follows: (i) parental approval to participate in the study; and (ii) not currently receiving treatment for anaemia as reported by caregivers. Exclusion criteria: included premature birth (<37 weeks' gestation); twins; reported cases of HIV infection, malaria, tuberculosis or haemoglobinopathies; and fever (>39°C) on the day of blood sampling.
A required sample size of at least 105 children in each study group was estimated to detect an increase in mean Hb of 6 g/l with a power of 0·95 and a two-tailed α level of 0·05 (19) . The sample size was increased to 135 to account for loss to follow-up in the IG.
Intervention
The MNP supplement used in this study was MixMe™, manufactured by DSM Nutritional Products Europe, Ltd and donated by UNICEF. Each sachet contained fifteen vitamins and minerals, including: 10 mg Fe (encapsulated ferrous fumarate), 4·1 mg Zn (zinc gluconate), 150 μg folic acid, 400 μg vitamin A (retinol equivalents), 30 mg vitamin C (ascorbic acid), 5 μg cholecalciferol, 5 mg vitamin E (tocopherol equivalents), 0·5 mg thiamin, 0·5 mg riboflavin, 0·5 mg vitamin B 6 , 0·9 μg vitamin B 12 , 6 mg niacin, 0·56 mg Cu, 90 μg iodine and 17 μg Se.
First, health-care workers were invited to a 1 h learning session provided by the research team before MNP distribution. As previously described (16) , the research team provided technical assistance to health-care workers, with written materials to assist development of the MNP intervention and to integrate it with the existing health-care programme. Caregivers were instructed by health-care professionals to mix the contents of one MNP sachet with semi-solid food daily just before serving. They were provided with a 2-month supply with a flexible scheme (60 sachets per child). Adherence was estimated based on quantity of sachets consumed, using data on sachets remaining at home at the end of the trial. Acceptability was assessed with an interview at the end of the trial to assess perceptions of mothers toward MNP (such as side-effects, children's acceptance of food mixed with MNP, type of food used and overall acceptability).
Data collection and biochemical analysis
The CG was enrolled at 11-14 months of age. At baseline, trained fieldworkers performed structured face-to-face interviews with each child's mother or guardian at the routine health-care centre or during household visits through active search in the territory covered by the primary health units. Interviewers were trained prior to conducting the survey. Additional interviews either by telephone or at home visits were conducted if missing values were identified during the data collection and cleaning stage. The following information was collected: demographic characteristics (child's sex, age and race/ ethnicity); socio-economic status (parental education, maternal occupation, number of residents in the household) and access to public services (treated water, garbage collection, type of basic health-care unit); reproductive health variables (maternal age, number of antenatal appointments, birth weight retrieved from child's health record); infant feeding practices (child's age at introduction of weaning foods) and morbidity (diarrhoea, wheezing, cough or fever in the 15 d prior the interview). Infant length was measured by trained research assistants according to standardized procedures (20) using portable infant measuring boards (model ES-2000; Sanny, Los Angeles, CA, USA). Each measurement was repeated and the mean value calculated. Z-scores for length/heightfor-age (HAZ) were calculated according to the WHO child growth standards (21) . Stunting was defined as HAZ < −2·0 (20) . The IG infants were enrolled at 6-8 months of age to receive the intervention. Four to six months after enrolment, when the children in the IG reached the age of the CG children at enrolment, research interviewers performed the same data collection procedures as described above for the CG children, with additional questions about MNP consumption and a count of leftover sachets at the end of the trial. Common semi-solid food used for consumption of the sachet was also asked.
Biochemical analysis
A sample of fasting (≥3 h) venous blood was collected in the morning on a day scheduled with caregivers (at enrolment for the CG and 4-6 months after enrolment for the IG children). At the laboratory, whole blood aliquots collected in EDTA-containing vacuum tubes were used to measure Hb concentrations on portable haemoglobinometers (Hb301; HemoCue ® , Angelholm, Sweden) by trained nurses following recommended standardization procedures (22) . A separate blood sample was protected from light and centrifuged within 1 h of collection; serum and plasma samples were frozen at −20°C before being shipped to São Paulo on dry ice and maintained at −70°C until further analysis. In São Paulo, plasma ferritin and soluble transferrin receptor concentrations were measured with commercially available enzyme immunoassays (Ramco, Houston, TX, USA). C-reactive protein >5 mg/l and α 1 -acid glycoprotein >1 g/l were defined as acute and chronic inflammation (23) , respectively, and were measured with the IMMAGE Immunochemistry System (Beckman Coulter, Brea, CA, USA).
Anaemia, ID and iron-deficiency anaemia (IDA) were defined according to Hb, plasma ferritin and soluble transferrin receptor as follows: anaemia was defined as Hb < 110 g/l; ID was defined as plasma ferritin <12 µg/l or soluble transferrin receptor >8·3 mg/l; IDA was defined as ID occurring in anaemic children. Serum folate and vitamin B 12 concentrations were measured using commercial fluoroimmunoassays (Perkin Elmer, Wallac Oy, Turku, Finland). Folate deficiency was defined as serum folate <10 nmol/l and vitamin B12 deficiency as serum vitamin B12 <150 pmol/l (24) . Serum concentrations of β-carotene, retinol and vitamin E were measured with HPLC methods (HP-1100 HPLC system; Hewlett Packard, Palo Alto, CA, USA) as previously described (25) . Serum retinol concentration <1·05 μmol/l and <0·70 µmol/l was used to indicate vitamin A insufficiency and VAD, respectively (24) . Vitamin E insufficiency was defined as serum vitamin E level <11·6 mmol/l. Frozen samples were analysed within 6 months of collection. Laboratory results were provided to the caregivers or community health workers for further follow-up and treatment when necessary.
Statistical analysis
We used an intent-to-treat analysis; i.e. we compared main outcomes in the IG with those in the CG, regardless of adherence to intervention. The primary outcome measure was the difference in mean Hb. Secondary outcome measures were the prevalence of anaemia, ID, VAD and other vitamin deficiencies and mean HAZ. Median values and interquartile ranges were calculated for micronutrient concentrations and continuous covariates according to outcome status. Pearson's χ 2 test was used to examine differences in proportions and Student's t test or the Mann-Whitney U test was used to evaluate differences in continuous variables between groups. We used Poisson regression models with robust variance to estimate values for the prevalence ratios with 95 % confidence intervals for the outcome variables. Differences were considered significant at P < 0·05. All P values were derived from two-sided statistical tests. We used the statistical software package STATA 13·0 for all analyses. Figure 1 shows the flowchart of participant recruitment and selection for the present study. A total of 326 children were eligible for inclusion in the present analysis. Of these, 133 children aged 11-14 months were selected as the CG. Parents of five eligible CG children refused participation; thus, the remaining 128 guardians were interviewed and blood collection was scheduled for their children. In the IG, 193 children were enrolled by their primary health-care providers to receive MNP; thirty-nine were lost during follow-up, parents of eighteen declined participation at the recruitment and twenty-four did not take the sachets from the health professionals. The remaining 112 children were included in the analysis as the IG.
Results
The sociodemographic characteristics of participants were similar in both study groups ( Table 1 ). The median age of the mothers was 24 years; maternal education was 10 years for the CG and 11 years for the IG.
The prevalence of anaemia was similar in the study groups, but the prevalence of ID, IDA and VAD was significantly lower in the IG (P < 0·001) than the CG (65·2 % lower for ID, 73·0 % lower for IDA and 74·8 % lower for VAD; P < 0·001). The proportion of infants with vitamin A insufficiency and vitamin E insufficiency was 75·0 % and 54·2 % lower, respectively, in the IG than in the CG ( Table 2 ). The mean Hb values were similar in the two study groups (CG: mean 117·0 (SD 10·0) g/l; IG: mean 118·4 (SD 10·6) g/l; P = 0·325, t test). The prevalence ratio (95 % CI) for anaemia, ID, IDA and VAD for IG v. CG children was 0·74 (0·42, 1·30), 0·34 (0·24, 0·49), 0·26 (0·10, 0·68) and 0·25 (0·09, 0·64), respectively. The prevalence of stunting in the CG was 7·3 % (nine cases) while that in the IG was 0·9 % (only one case). The mean HAZ value was higher in the IG than in the CC (CG: mean −0·26 (SD 1·27); IG: mean 0·26 (SD 1·10); P < 0·001, t test). The prevalence of VAD and ID in the IG in the absence of inflammation (serum C-reactive protein <5 mg/l and α 1 -acid glycoprotein <1 g/l) was significantly lower, 12·5 % and 52·1 %, respectively (data not shown).
The intervention had no effect on the reported episodes of diarrhoea or fever in the prior 15 d or hospitalization in the prior 12 months. The frequencies of reported episodes of cough and wheezing were significantly higher in the CG than in the IG (Table 2) . Multiple deficiencies (ID, VAD, vitamin B 12 deficiency) were present in 3·9 % of the children, all of them in the CG. Only 7 % of the children had concurrent VAD and ID; none of these were in the IG. There were two cases of folate deficiency in the IG (1·9 %; data not shown).
The overall compliance with the recommended MNP supplementation (60 sachets) was 29·0 %, with a median (range) number of MNP sachets consumed per child of 45 . Approximately 69·5 % of mothers reported that their child consumed ≥30 sachets. Acceptability of the sachets by the child was reported as good or excellent by 65·5 % of mothers/caregivers. The most frequent reasons for leftover sachets were rejection by the child (88·5 %) and mother/caregiver forgetting to offer the sachet or thinking it was unnecessary (11·5 %). The most common semi-solid food used for consumption of the sachet was mashed vegetables with eggs, meat or rice and beans (68·0 %), followed by porridge (20·6 %). Mashed fruits were used for sachet consumption in 11·3 % of cases (data not shown).
The acceptability and adherence of the caregivers did not differ significantly based on the type of weaning food introduced; type of food also had no effect on biochemical indicators (data not shown). Although the type of food used for sachet administration had no influence on acceptability or adherence in children, it did have an effect on the frequency of anaemia. Children who received the sachet in porridge had a higher frequency of anaemia (30·0 %, n 6) than those who used semi-solid food such as mashed vegetables with eggs, meat or rice and beans or fruits (11·7 %, n 9; P = 0·04; data not shown). Among reported side-effects (4·6 %), diarrhoea was the most common (41·7 %). 
ID, iron deficiency; IDA, iron-deficiency anaemia; VAD, vitamin A deficiency; VAI, vitamin A insufficiency; VEI, vitamin E insufficiency; VB 12 D, vitamin B 12 deficiency; CRP, C-reactive protein; AGP, α 1 -acid glycoprotein; PF, plasma ferritin; sTfR, soluble transferrin receptor; IQR, interquartile range. *Totals differ from the total number of study children due to missing values. †From Pearson χ 2 test. ‡Defined as Hb <110 g/l. §IDefined as PF <12 µg/ml or sTfR > 8·3 mg/l. ||Hb <110 g/l with PF <12 µg/l or sTfR > 8·3 mg/l. ¶Defined as serum retinol <0·70 µmol/l. **Defined as serum retinol <1·02 µmol/l. † †Defined as serum vitamin E <11·6 µmol/l. ‡ ‡Defined as serum vitamin B 12 ≤ 150 pmol/l. § §From Mann-Whitney U test.
Discussion
In the present study, home fortification with MNP daily for 2 months did not effectively reduce anaemia among young Amazonian children. However, the supplementation had a significant impact on ID and IDA in children in the IG, with improvements in Fe status, when compared with young children who attended at the routine health care without MNP. The observed ID reduction of 66 % (prevalence ratio = 0·34; 95 % CI 0·24, 0·49) was higher than that documented in a systematic Cochrane review (51 %) (11) . Anaemia is considered the last stage of ID. Children who have ID without anaemia do not have sufficient Fe stores to mobilize if the body demands more Fe. Thus, if Fe is not provided, ID can progress to IDA, the most severe form of ID (26) . One explanation for the lack of impact in our study might be related to the higher mean Hb levels observed in both study groups compared with previous estimates. Because our study children were recruited at the primary health-care service, it is likely that the babies and their mothers received ferrous sulfate supplementation during their routine care at primary health-care units in the Amazon area (27) . A recent review of the effects of food fortification on health and nutritional status reported that the impact of food fortification was greater in those with poorer nutritional status at baseline and that there was a greater haematological impact from food fortification with Fe and multiple micronutrient supplements in marginalized at-risk populations (5) . Thus, the effects of MNP may vary according to the underlying nutritional status of the target population, duration of the intervention, administration protocol and age group, as has been shown in other trials (15) . Another important finding of our pragmatic trial was the substantial reduction in the prevalence of VAD among the IG children when compared with children attending the routine primary health care at the same age interval. This result corroborates the findings summarized in recent systematic reviews (13, 14) and those found in other studies (28) , which reported that MNP affects vitamin A status. According to Salam et al. (14) , MNP reduced the prevalence of retinol deficiency by 21 % (relative risk = 0·79; 95 % CI 0·64, 0·98). In contrast, other studies have not found a significant effect of MNP on vitamin A status (29) . Mason et al. (30) proposed that vitamin A policies be reconsidered, because frequent regular vitamin A intake at physiological levels through food-based approaches, including fortification and regular low-dose supplementation, is highly effective at increasing serum retinol and reducing VAD, whereas high-dose vitamin A at 6-month intervals does not reduce the prevalence of VAD. Although the biological mechanisms for the effect of vitamin A supplementation are unclear, the main argument for the low effectiveness of high-dose vitamin A in increasing serum retinol levels is based on studies conducted in the Philippines (31) , which found that this increase is transitory, with retinol returning to pre-dose levels in less than 2 months. Three large recent studies on the effect of neonatal vitamin A supplementation (32) (33) (34) reported that high-dose vitamin A did not have any benefit on survival in children under 6 months of age in Tanzania and Ghana. Only a study performed in India (34) showed some evidence of survival benefit among infants at 6 months of age, probably because that population has high rates of infant mortality and widespread maternal VAD.
Previous studies have not found an association between MNP use and improvement in anthropometric outcomes (28, 35) while others identified a small effect (15) . In our study, we observed a higher mean HAZ in the IG than in the CG, probably related to similar frequencies of recent episodes of diarrhoea and fever in the two groups as higher diarrhoea frequency could reduce the growth benefits of MNP (15) . Beyond that, there was a significantly lower frequency of cough and wheezing in the prior 15 d and a lower percentage of children with inflammation/ infection in the IG. It is noteworthy that the incidence of diarrhoea in our study was high among children in both groups (~26 %). Young children in the Brazilian Amazon have been exposed to adverse living conditions for a long time. This chronic exposure can change the immediate responses of the immune system, such as C-reactive protein concentrations, to infection (36) . Children's susceptibility to morbidity in the first years of life can have short-term effects on growth and nutrition (36) . Morbidity can directly affect nutrient concentrations through decreased appetite, whereas indirect effects are usually through alterations in immune activity. The effects of disease on nutritional status are influenced by both the duration and severity of illness (23) . Although improvements in the quality of complementary feeding could not be adequately assessed in our study, serum concentrations of vitamin E and β-carotene were higher among the IG participants than in the CG. These micronutrients are considered good indicators of regular consumption of fruits and vegetables, which may indicate an improvement in the children's feeding patterns. Vitamin E insufficiency was 54·2 % lower in the IG than in the CG, suggesting good adherence to the use of the sachets together with a range of different foods. Because the use of the sachets requires their addition to foods suitable for young children (such as mashed fruits and vegetables or rice and beans), this strategy offers an opportunity to promote healthy complementary feeding, further improving the benefits of fortification. Serum folate concentrations were similar in both study groups, with the low prevalence of folate deficiency probably related to mandatory fortification of flour in Brazil.
In the present study, MNP was well accepted by caregivers and children once its use and perceived beneficial effects on children's health were considered by mothers and health professionals. Acceptability rates for MNP have generally been above 83 % in studies in developing countries, although rates are somewhat lower in studies performed in developed countries such as Canada (60 %) (37) . A systematic review of the effectiveness of MNP interventions found high acceptability with variable adherence (12) . However, it is likely that increased knowledge and engagement of health professionals and caregivers concerning the use of MNP could have increased the adherence, resulting in a greater impact on health outcomes.
Previous studies have reported that lack of knowledge and experience among professionals and caregivers in the use of MNP limits its use (38) . Both adherence and acceptability can be increased with adjustments in the distribution model, such as providing better guidance to caregivers, integration with the actions already performed by the health-care team, regular monitoring of children through household visits by community health workers and MNP administration frequency. Equally important in the success of the intervention is that mothers have a strong understanding of the importance of vitamins and minerals for their children (39) . Our study has some limitations. The study design did not allow randomization or blinding. The best study design for an effectiveness trial is a cluster-randomized controlled trial. However, ethical restrictions in our routine paediatric care did not allow collection of blood samples to screen infants at baseline as part of an alternative strategy to prevent anaemia. Thus, a pragmatic approach using a CG just before the intervention period was feasible in this setting. Despite these limitations, our results provide valuable information about MNP intervention through primary health care in the Brazilian Amazonian region.
Conclusion
In summary, this is the first pragmatic trial of MNP use in the Brazilian Amazon to be reported. In light of our findings, we propose that home fortification of complementary feeding with MNP is effective as a public health strategy for preventing and controlling Fe and vitamin A deficiencies in young children. This strategy may also contribute to improved child feeding practices, with potential benefits in reducing susceptibility to infection and, consequently, in improving health profiles. Our findings may provide better understanding and guide future development of MNP-effectiveness trials in Latin America countries. Large-scale studies measuring the impact of fortification on health outcomes such as morbidity are still needed, particularly studies that monitor children over an extended period of time.
